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(57) [Abstract] 

[Problems to be Solved by the Invention] 

bottom electrode and barrier layer offer formation method of 
ferroelectric film which can Deformed in oxidative 
atmosphere of low temperature of extent which oxidation is 
notdone and manufacturing method of semiconductor device 
which uses its ferroelectric film. 

[Means to Solve the Problems] 

ferroelectric film which consists of metal oxide on substrate42 
with chemical vapor deposition method which uses oxidant 
which includes metal starting material and 
N<sub>2</sub>Ogas and the 0<sub>2</sub>gas, is formed. 
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Claims 


[Claim(s)] 
[Claim 1] 

ferroelectric film which consists of metal oxide on substrate 
with chemical vapor deposition method which uses oxidant 
which includes metal starting material and 
N<sub>2</sub>Ogas and the 0<sub>2</sub>gas, is formed 
manufacturing method* of ferroelectric film which is made 
feature 
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[Claim 2] 

In manufacturing method of ferroelectric membrane which is 
stated in Claim 1, 

BST film, ST film, or aforementioned ferroelectric film which 
consists of these laminated film isformed formation method* 
of ferroelectric film which is made feature 

[Claim 3] 

In formation method of ferroelectric membrane which is 
stated in Claim 2, 

formation method* of ferroelectric film to which 
aforementioned metal starting material includes the Ba 
(DPM ) <sub>2</sub>tetraglym<sub>2</sub>, Sr (DPM ) 
<sub>2</sub>tetraglym<sub>2</sub>, or Ti (O-IPr ) 
<sub>2</sub> (DPM ) <sub>2</sub> and makes feature 

[Claim 4] 

In formation method of ferroelectric film of Claims 1 through 
3, 

As for aforementioned oxidant, flow of aforementioned 
N<sub>2</sub>Ogas for sum total of flow of aforementioned 
N<sub>2</sub>Ogas and the flow of aforementioned 
0<sub>2</sub>gas, is under 75% or more, 97% and 
formation method* of ferroelectric film which is made feature 

[Claim 5] 

In formation method of ferroelectric film which is stated in 
any one claim of Claims 1 through 4, 

Aforementioned ferroelectric film is formed with temperature 
of theaforementioned substrate as under 440 deg C or greater, 
500 deg C formation method* of ferroelectric film which is 
made feature 

[Claim 6] 

In formation method of ferroelectric film which is stated in 
any one claim of Claims 1 through 5, 

Aforementioned ferroelectric film is formed with film 
formation pressure as 0.3 Torr or more, lTorr or less the 
formation method* of ferroelectric film which is made feature 

[Claim 7] 

step* which forms bottom electrode on substrate 

On aforementioned bottom electrode, step* which forms 
ferroelectric film whichconsists of metal oxide with chemical 
vapor deposition method which uses oxidant whichincludes 
metal starting material and N<sub>2</sub>Ogas and 
0<sub>2</sub>gas 

manufacturing method* of semiconductor device which 
possesses step which forms counterelectrode on 


Page 4 Paterra® InstantMT® Machine Translation (U.S. Pat. Sen No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 


JP2000091333A 


Specification 
[0001] 

SBG>Sii£ai=l!irS. 


[0002] 

[ft*<7>£ffi] 

ifi*, DRAM <EdfO)i|ij»«:««0)|lflHtlCl4 

<bA<#«>6*irfey , *iMzfti\ dram a>*-v 

LfrUi&IC DRAM G)*V/<*>*SflS«Hb-r* 

**/^*©R«fca<DB**£iSi±r<5::i 

[0003] 

ttmmm 3.8 fl>*>'ja>»ft«^. j±sis$ i 

*1-*[Ba x ,Sr ( |.x,]TiOj «(6IT, BST BI£:L^3) 


bst mts Yhs<oea«jfis^L. 


[0004] 
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aforementioned ferroelectric membrane and makes feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention relates to formation method of ferroelectric 
film, and manufacturing method of the semiconductor device 
regards formation method of ferroelectric film which can be 
formed with theespecially low temperature and manufacturing 
method of semiconductor device. 

[0002] 

[Prior Art] 

Recently, there are marked ones in integration of DRAM or 
other semiconductor device, but the integration of 
semiconductor device on that is sought, narrowing of 
capacitor of the DRAM is sought attendant upon that. 

But, when capacitor of DRAM narrowing is done simply, 
because the capacity of capacitor becomes small, dielectric 
constant of dielectric film of capacitor is sought improves . 

[0003] 

Until recently, silicon oxide film of for example dielectric 
constant3.8 and silicon nitride film of dielectric constant7 
wereused as dielectric film of capacitor, improvement of 
dielectric constant on that issought, but attendant upon 
integration of semiconductor device. 

Then, [Ba<sub>X</sub>,Sr<sub> (1 -X ) </sub> ] 
TiO<sub>3</sub>fiIm (Below, you call BST film ) or other 
oxide ferroelectric film (Regarding this specification, on 
convention, including ferroelectric film and ferroelectric 
film, we express as ferroelectric film. ) which quite possesses 
high dielectric constant as dielectric film which is substituted 
to conventional silicon oxide film and silicon nitride film, 
isobserved. 

It is something which shows high dielectric constant where 
BST film has the crystal structure of perovskite type, several 
hundred-several thousand (bulk value) with says with 
crystallization. 

[0004] 

[Problems to be Solved by the Invention] 

But, as for BST film or other ferroelectric film, in order that 
crystal structure of perovskite structure isactualized, because 
it is necessary to form in oxidative atmosphere of high 
temperature,bottom electrode and barrier layer of capacitor do 
oxidation, is , the consequently bottom electrode and barrier 
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[0006] 
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[0007] 
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layer exfoliate, contact resistance rises, was. 
[0005] 

In order to prevent oxidation of bottom electrode and barrier 
layer, BST film isformed is thought with low temperature, but 
when bottom electrode and the barrier layer form BST film 
with low temperature of extent which oxidation isnot done, 
not be able to acquire BST film of perovskite structure, it 
could notacquire satisfactory electrical property. 

As for objective of this invention, bottom electrode and 
barrier layer are to offer formation method of ferroelectric 
film which can be formed in oxidative atmosphere of low 
temperature of extent which oxidation is not done and 
manufacturing method of semiconductor device which uses 
its ferroelectric film. 

[0006] 

[Means to Solve the Problems] 

Above-mentioned objective is achieved ferroelectric film 
which consists of the metal oxide on substrate with chemical 
vapor deposition method which uses oxidant which includes 
metal starting material and N<sub>2</sub>Ogas and 
0<sub>2</sub>gas, is formed by manufacturing method of 
the ferroelectric film which is made feature. 

Because of this, because ferroelectric film is formed making 
use of oxidant which includes N<sub>2</sub>Ogas and 
0<sub>2</sub>gas, substrate forms ferroelectric film with 
temperature where extent which oxidation is not done is low 
to be possible, in addition, ferroelectric film can be formed 
with thesatisfactory coverage. 

[0007] 

In addition, BST film, ST film, or forms aforementioned 
ferroelectric film whichconsists of these laminated film in 
manufacturing method of above-mentioned ferroelectric film, 
is desirable. 

In addition, aforementioned metal starting material includes 
Ba (DPM ) <sub>2</sub>tetraglym<sub>2</sub>, Sr 
(DPM )<sub>2</sub>tetraglym<sub>2</sub>, or Ti (O-IPr ) 
<sub>2</sub> (DPM ) <sub>2</sub>, in formation method 
of theabove-mentioned ferroelectric film, it is desirable . 

[0008] 

In addition, as for aforementioned oxidant, flow of 
theaforementioned N<sub>2</sub>Ogas for sum total of flow 
of theaforementioned N<sub>2</sub>Ogas and flow of 
aforementioned 0<sub>2</sub>gas, isunder 75% or more, 
97% in formation method of above-mentioned ferroelectric 
film, it isdesirable . 
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ffiriaT*Sfioass 440 de g c m±.soo 

deg C *3ltLTmEBR*tt:K*»JiE-r'5C 
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[0010] 
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[0011] 

*i6»»iz,fcyBR*#e*»BE-r4ieicffl 

^ -5 58 §Ub M <D CVD(Chemical Vapor 
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Because of this, because flow of N<sub>2</sub>Ogas and 
flow of the N<sub>2</sub>Ogas for sum total of flow of 
0<sub>2</sub>gas, are designated asunder 75% or more, 
97%, substrate forms ferroelectric film with temperature 
where the extent which oxidation is not done is low to be 
possible, inaddition, ferroelectric film can be formed with 
satisfactory coverage. 

[0009] 

In addition, forms aforementioned ferroelectric film in 
formation method of theabove-mentioned ferroelectric film, 
with temperature of aforementioned substrate asunder 440 
deg C or greater, 500 deg C is desirable. 

Because of this, because temperature of substrate is 
designated as under440 deg C or greater, 500 deg C, substrate 
can form ferroelectric film with temperature where extent 
which oxidation is not done is low. 

In addition, forms aforementioned ferroelectric film in 
formation method of theabove-mentioned ferroelectric film, 
with film formation pressure as 0.3 Torr or more, lTorr or 
less isdesirable. 

[0010] 

In addition, it is achieved by manufacturing method of 
semiconductor device where theabove-mentioned objective 
on step* aforementioned bottom electrode which forms 
bottom electrode on substrate, has step which forms 
counterelectrode on the step* aforementioned ferroelectric 
film which forms ferroelectric film which consists of the 
metal oxide with chemical vapor deposition method which 
uses oxidant which includes metal starting material and 
N<sub>2</sub>Ogas and 0<sub>2</sub>gas, and makes 
feature. 

Because of this, because ferroelectric film is formed making 
use of oxidant which includes N<sub>2</sub>Ogas and 
0<sub>2</sub>gas, bottom electrode forms ferroelectric film 
with temperature where extent which oxidation is not done is 
low to be possible, in addition, ferroelectric film can be 
formed with thesatisfactory coverage. 

Therefore, semiconductor device which possesses capacitor 
which possesses thesatisfactory electrical property can be 
offered. 

[0011] 

[Embodiment of the Invention] 

You explain with one embodiment of this invention 
concerning formation method of the ferroelectric film 
preceding, when forming ferroelectric film first, with this 
embodiment,concerning CVD (Chemical Vapor deposition, 
chemical vapor deposition ) device of solution evaporation 
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b 1 it. cvd mmttttoa 

n*4«^s 10 $frMm%ittzmt 

& 24 XfiiVttfl(0J&jft£lT?fiKI)(£ 36 t 


;SftH*4tt^^M io id*, fliti* bst Ota 

Ba(/<y^A)(DjI*'4T'$><5 Ba(DPM)-,tetraglym, 

12 ir.SrCXhP^^^AjWH^T'fe-S 
Sr(DPM) 2 tetraglym 2 £B »7*;UC»frLfc» 

A**Vfcflifte* 14 <t x Ti(^^l/)CDH 
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Lfc»j$3b<itA*4ifclB»S» 16 ttflSI+b 


[0013] 

^tlfclSflSS 12, 14. 16 (Z(4, N, tfXffii&SB 
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■fft-ffhOEff 19fi;g£S21 dftlS&hTfc 
lilHt 20 * ^LTa(*jK>^ 22 iztm 

**irfcy. 21 i=«fcys^**ifc*i*is 

fitta«:?K>^22 l=<fcySHt» 24 IZ^AT'# 
[0014] 

ants 24 ii, m&;m#$fMkt&tzi/)<Db<D 
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**U7**Xttl&E« 26 fr&li. SUbLfcRifl 
0>**'J7i&<6 Ar #XA<SUb§f 24 I*)|C<£*S 

SHb* 24 ©rtfipicii. ilii-f <5;£<*ljp4£3S 
fcfc\ £f 32 it. SHbLfcl&WjMrtli-f 

ne±-r*fc«>t-$34izj:yHfgfl)jB«ic«j* 


2000-3-31 

type which isused you explain making use of Figure 1. 
[0012] 

Figure 1, with conceptual diagram which shows CVD device 
of solution evaporationtype, configuration has been done 
liquid raw material supply device 10 and liquid starting 
material in order tosupply starting material mainly, by film 
forming chamber36 which forms vaporizer24 and the 
ferroelectric film which evaporate. 

In liquid raw material supply device 10, starting material 
container^ where solution which melted Sr 
(DPM )<sub>2</sub>tetraglym<sub>2</sub> which is a 
starting material of starting material container 12 and Sr 
(strontium ) where liquid which melted Ba (DPM ) 
<sub>2</sub>tetraglym<sub>2</sub> which is a starting 
material of Ba (barium ) of for exampleBST film in butyl 
acetate is enclosed in butyl acetate is enclosed and, starting 
material container 16 where solution which melted Ti (O-IPr ) 
<sub>2</sub> (DPM ) <sub>2</sub> which is a starting 
material of Ti (titanium ) in butyl acetate is enclosed is 
provided. 

[0013] 

N<sub>2</sub>gas supply pipe 18 is connected by these 
starting material vessel 12, 14, 16, is designed in such a way 
thatit can introduce liquid starting material into pipe 19 by 
pressing liquid surface of the liquid starting material with 
N<sub>2</sub>gas. 

Respective pipe 19 is connected by mixer21, is designed in 
such away that liquid starting material is mixed at desired 
ratio by mixer2 1 . 

mixer through pipe20, is connected by liquid pump22, liquid 
starting material which is mixed by mixer2 1 is designed in 
such a way that it can beintroduced into vaporizer24 due to 
liquid pump22. 

[0014] 

vaporizer24 with those in order to evaporate, has been heated 
liquid starting material to predetermined temperature by 
heater28. 

From carrier gas supply pipe26, Argas which becomes carrier 
of starting material whichevaporates is supplied inside 
vaporizer24. 

porous metal plate30 in order to evaporate has been provided 
liquid starting material which ispassed in interior of 
vaporizer24. 

Furthermore, pipe32 in order to prevent fact that starting 
material which evaporates precipitates is designed in such a 
way that it can bekept in predetermined temperature with 

I 4. -} A 
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JSOIS 36 Id*. SUbSf 24 lcj:ysnt$*ifcfli 
1^4. 

*£JS«*ffll4. Bfctf Xfcl/C 0 2 tfxi: N 2 0 # 
X<t£m\0 2 tf*(D^*<!:N 2 0#XCD;1t*<D 

m-Ktz n 2 o ^©aM^a^sissiftje 


[0016] 

j£Bl^ 36 rtl=l±, »A**ifc**xSfiEES 36 

1*BS£{t58« 42 Sftfi-f 5fctf>a>-9"fe? 
$44 tfKltfcflTl**. 

44 (=14. ISHCDI^ICS^ 42 £1)Q®? 
St-^(H*1i-^*)jS<|fi!ltfe>*lTL^. 

ffis**iTfcy. /sum 36 rta*«ET?#s«fc 

[0017] 

*f , fiJcHM 36 flOT+Mz^S 44 ±lcSffi 42 
8 12, 14. 16 rtlc»A-r«CWzj:y.fliftS 

§i i2. i4. i6 nomftmnoimz »eu » 

(*BR8*E* l9£fl-LT;g£S§2l rtl=«|61- 
[00 18] 

fcfc\1588» 12 l=itA-r-5;S^Hi(!4(75 
Ba(DPM) 2 tetraglym 2 fl> ;1 Jg 14 ♦ 04 A 14 
O.I5mol/l iUfiM4S« 14 \Z&At&mffi 
14(75 Sr(DPM) 2 tetraglym 2 © » jg 14 . 01*. 14 
0.15mol/l <tUH*'4§^ 16 iCitA-rftjftftDii 
¥4 <D Ti(0-IPr) 2 (DPM) 2 <D ;1 £ (4 , 01 A 14 
0.15mol/lt*-4. 
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heater34. 

variable valve29 because pressure of vaporizer is maintained 
uniformly isprovided in pipe32. 

[0015] 

pipe32 in order to supply starting material gas which 
evaporates by vaporizer24 and oxidizing gas supply pipe38 
which supplies oxidizing gas are connected to film forming 
chamber36. 

this embodiment is a main feature in setting flow of 
0<sub>2</sub>gas and theratio of flow of 
N<sub>2</sub>Ogas for sum total of flow of the 
N<sub>2</sub>Ogas appropriately making use of 
0<sub>2</sub>gas and N<sub>2</sub>Ogas as the oxidizing 
gas, but concerning this we mention later. 

[0016] 

susceptor44 in order to mount shower head40 in order to 
supply to uniform inside film forming chamber36 and 
substrate42 which does film formation has been provided gas 
which is introduced inside film forming chamber36. 

heater (not shown ) which heats substrate42 to case of film 
formation isprovided in susceptor44. 

In addition, vacuum pump (not shown ) is connected by film 
forming chamber36, is designed insuch a way that vacuum it 
is possible film forming chamber3 6 interior. 

[0017] 

Next, you explain with this embodiment making use of Figure 
1 concerning formation method of ferroelectric membrane. 

First, substrate42 is mounted on susceptor44 inside film 
forming chamber36. 

Next, pressure inside film forming chamber36 vacuum is 
done by doing exhaust. 

Next, liquid surface of liquid starting material inside starting 
material vessel 12, 14, 16 is pressed byintroducing 
N<sub>2</sub>gas into starting material vessel 12, 14, 16 
from N<sub>2</sub>gas supply pipe 1 8, , liquid starting 
material through pipe 19, is supplied inside mixer21. 

[0018] 

Furthermore, concentration of Ba (DPM ) 
<sub>2</sub>tetraglym<sub>2</sub> of liquid starting 
material which isenclosed into starting material vessel 12 
makes for exampleO. 15mol/l, concentration of Sr 
(DPM )<sub>2</sub>tetraglym<sub>2</'sub> of liquid 
starting material which is enclosed into starting material 
vessel 14 makes for exampleO. 15mol/l,concentration of Ti 
(O-IPr ) <sub>2</sub> (DPM ) <sub>2</sub> of liquid 
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Ba(DPM) 2 tetraglym 2 tffeffltsHtzi&WIM&iZ 
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*ifc»tM!i**Koi*Tli . ffljtli O.lcc/min £: 
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<^lCs ${;»4£;g£f§ 21 l=J:y&£U ;I£ 

*nb# 24 rti=»A**ifcja(*i5»*«nbr4 

■*-*&SEj&<fc4fcifr» 01*1* 240 deg C 
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Ar ***03t*l::Ol*Tli. #l;Ll£ 200cc/min t 

**X0W&E* 38 ^b, N 2 0 iSXt 0 2 
£<D;l£#;U:<MS8Hb#X£, fjtmn 36 ft 


Hft#xa>|8Stt*li<H Jlli 300cc/min b+&. 

zzvRmti* n 2 o tfxi*. o 2 iix\zit-<% 


[0022] 

fcfc. sis 42 ±ic bst n^yjAdKBv^ni 

*»fiK-r*BS0)/«fllS 36 rta>E*l4,0.5Torr 

fcfc. JftKS 36 flCDE*)l* 0.5Torr l~IS££;h 
StCDT'tefcC A*!* 0.3-lTorr G>fEaT?S£ 
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starting material which isenclosed into starting material 
vessel 16 makes for example0.15mol/l. 

[0019] 

for example0.05cc/min, Ti (O-IPr ) <sub>2</sub> (DPM ) 
<sub>2</sub> is melted concerning liquid starting material 
where the for example0.05cc/min, Sr (DPM ) <sub>2</sub> 
tetraglym<sub>2</sub> is melted concerning liquid starting 
material where Ba 

(DPM )<sub>2</sub>tetraglym<sub>2</sub> is melted 
concerning supply amount of these liquid starting material,, it 
makes the for exampIeO.lcc/min concerning liquid starting 
material where, in addition. 

[0020] 

Next, liquid starting material is mixed with mixer21, liquid 
starting material which is mixed issupplied inside vaporizer24 
making use of liquid pump22. 

liquid starting material which is introduced into vaporizer24 
because it is necessaryfor temperature of heater28 in order to 
evaporate to be higher than the vaporization temperature of 
liquid starting material, to set lower than decomposition 
temperature of liquid starting material, it makes for 
example240 deg C. 

[0021] 

Through pipe32 etc, with Argas which from carrier gas supply 
pipe26 isintroduced into vaporizer24, it supplies starting 
material which evaporates by vaporizer24, inside film 
forming chamber36. 

Concerning flow of Argas, it makes for example200cc/min. 

On one hand, from gas supply pipe38, oxidizing gas which 
consists of mixed gas of N<sub>2</sub>Ogas and 
0<sub>2</sub>gas, is supplied inside film forming 
chamber36. 

total flow of oxidizing gas makes for example300cc/min. 

N<sub>2</sub>Ogas which is used here to form active 
oxygen species damages easily incomparison with 
0<sub>2</sub>gas, it is a gas where oxidative strength is 
strong. 

[0022] 

Furthermore, when forming ferroelectric film which consists 
of BST film on the substrate42, pressure inside film forming 
chamber36 makes 0.5 Ton*. 

Furthermore, pressure inside film forming chamber36 is not 
something which islimited in 0.5 Torr, it can set appropriately 
in range of for example0.3~!Torr. 
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[0023] 

BSTKcfcyfiE*asn*is$»fiE-rs«&i3j3 

lt4, N 2 0 #7><D3S*fc O 2 ^X0)3l»i:©Sllc 


B 2 i±. n 2 o tfxfflafEfit o 2 #xa>3S*£a>«] 
icjt-t* n 2 o /jxoaftroai^sagttSL 

« £ CD . BST II <D m & tt ffi $ * f 
XRD(X-Ray Diffraction)@Sf/^— >T?fc-&o 


«ffc\ XRD @Sf KSlz X fg£!S4i 
[0024] 

m 2 mmitxMfi e © 2 fg©flfi-cfes 2 

N 2 0 jiXOifctt 0 2 tfxa)3iE*£<Ofi]lc*ft 
<5 N 2 0 #X(7)3Eji:0)IlJnli. 75%. 87%, 90%. 
93%.97%t*fc*ti-fco 

El 2 ^b#A^S<fc9l^N 2 0 *TX(D5ftmi: Oi** 
XOSEfiiOftllcfcrf 4 N 2 0 #X©3S*a>ffl 
75%C7)ii^[Cli, BST If ©(1 10)ffilZ*f SB 

*x^h;n*a<^i:rL^3{i<, (ioo)s^ 


[0025] 

ZfrlZftL, N 2 0 #XG>3S*fc 0 2 #X<D3S*i 
(DmztttZ N 2 0 tfX©a*(Df(^S. 87%. 
90%. XI* 93%£Lfc«£lCli^r*lti BST 
H<D(100)S.(110)ffi. &U\200)®IZ&|£-f§ 

h*iS*^r* BST lA<t#btiri^4<t%^b 
[0026] 

N 2 0 #*<D3S*£ 0 2 # XOSSSfcOftlc 
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formation method of ferroelectric film, ratio of 
N<sub>2</sub>Ogas in oxidizing gas, namely, issomething 
which is feature in setting ratio of flow of the 
N<sub>2</sub>Ogas for sum total of flow of 
N<sub>2</sub>Ogas and flow of the 0<sub>2</sub>gas 
appropriately with this embodiment making use of mixed gas 
of the N<sub>2</sub>Ogas and 0<sub>2</sub>gas as 
oxidizing gas which is introduced from gas supply pipe38. 

[0023] 

When ferroelectric film which consists of BST film is formed 
you can put, youexplain concerning appropriate ratio of flow 
of N<sub>2</sub>Ogas forsum total of flow of 
N<sub>2</sub>Ogas and flow of 0<sub>2</sub>gas,making 
use of Figure 2. 

Figure 2 is XRD (X-Ray Diffraction ) diffraction partem 
which shows, crystalline state of BST film when ratio of flow 
of N<sub>2</sub>Ogas for sum total of flow of 
N<sub>2</sub>Ogas and flow of 0<sub>2</sub>gas is set 
appropriately. 

Furthermore, XRD diffraction pattern can irradiate X-ray to 
specimen, canacquire by measuring intensity of scattering 
X-ray. ■ 

[0024] 

abscissa of Figure 2 shows value of 2;th which are of the 
incidence angle;th a angle 2 -fold, vertical axis has shown 
x-ray intensity which isreflected by test sample. 

flow, of N<sub>2</sub>Ogas and ratio of flow of 
N<sub>2</sub>Ogas for sumtotal of flow of 
0<sub>2</sub>gas changed, 75%, 87%, 90%, 93% and 97%. 

As understood from Figure 2, when ratio of flow of 
N<sub>2</sub>Ogas forsum total of flow of 
N<sub>2</sub>Ogas and flow of 0<sub>2</sub>sas is75%, 
spectrum which corresponds to (1 10) plane of BST layer 
occursstrongly, but (100) plane and spectrum which 
corresponds to (200) surface are weak. 

[0025] 

Vis-a-vis this, when flow of N<sub>2</sub>Ogas and ratio of 
flow of N<sub>2</sub>Ogas for sum total of flow of 
0<sub>2</sub>gas, 87%, 90% or 93%it does, in each case 
( 1 00) plane, (110) plane, of BST layer and the spectrum 
which corresponds to (200) surface occur strongly. 

Therefore, in these cases, it is thought that BST layer 
whichpossesses satisfactory perovskite structure is acquired. 

[0026] 

In addition, when flow of N<sub>2</sub>Ogas and ratio of 
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*tt"4N2OtfX0)a£*(Da££97%£LfcJ|£ 

left, bst Mwnomiznfct&x^Mt 

a<±CTL^A<,BSTl©(100)BHf>(200)ffiir 


^T. H 2 \Z7Ft XRD l§ISr/<$— a 
Kfc BST B<l:Vj£*XR«{*n$ft&fetf>lc 
14. N 2 0#X<©a*i02#X©3lE*i:©fDI~*t 
■T4 N 2 0 ffxa>3t*0>l|££. 75%W±. 97% 

[0027] 

BST ««fcyj*aMS«ttfll 68 

® 3 14. S1K;SJ££ ^^b^-frf-li^cD BST Jg 
a>*&SKIS£*f XRD ElSf/^— 

&4S;.glt£ 440 deg C. 450 deg C, 460 deg C t 
LX^tl^tUDmSlZ-OUX XRD @#f/\ 0 $ 

0 3 bttfr-S J:5lz. ££jg£ 440 deg C (7) If 

£|3I4,bst H(7)^ a e a iz^fc;-ri.x^h;ni 
deg c (omsizit bst Bia>£Si::**j£-r$x 

^HH6<*#<»?)4l-Cfcy. 460 deg C "CI* 
BST m<Dl£Bi\zitZ?&X'<9Hl>t<Elzjz2 

BST BI£»Ji£-f4fctf>fzli.afi£££ 440 

deg c ia±fcfi£-f sastfaasi^c,*! 

•So 

[0028] 

Cfl)J:?(zafiSJS$ 440 deg C J2Lhl=K£-t 

lWifiL7i:J:5l=, if;ST'BST^£]f*j?£-t-S<h, T 
t&W& 66 •£/ \*U7l 62 tfmtLX L* ?/b^T* 

0 4 li , / ^'JT 7 ! 62 tTSBWS 66 t£Bf$.Ltz 
ftl-*0»*(Tofcii&©Tg|JBa 66 ir^f*^ 
7? 56 £©ffl(Du>$$hSfc£*Lfctfl)-efc 
4. 

fitttli . T»«ft 66 tmV&yV 56 tOfB* 
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flow of the N<sub>2</sub>Ogas for sum total of flow of 
0<sut»2</sub>gas 97% are done, the spectrum which 
corresponds to (1 10) plane of BST layer occursstrongly, but 
(100) plane of BST layer and spectrum whichcorresponds to 
(200) surface do not occur for most part. 

Therefore, in order from XRD diffraction pattern which is 
shown in Figure 2, toobtain ferroelectric film which consists 
of good qualityBST film, it is thought that ratioof flow of 
N<sub>2</sub>Ogas for sum total of flow of 
N<sub>2</sub>Ogas and flow of 0<sub>2</sub>gas, is set 
appropriately in range under 75%or more, 97% is desirable. 

[0027] 

When next, forming ferroelectric film68 which consists of 
BST film, concemingappropriate substrate temperature you 
explain making use of Figure 3. 

Figure 3 substrate temperature is XRD diffraction pattern 
which shows crystalline state of BST film when it changes. 

With substrate temperature as 440 deg C, 450 deg C, 460 deg 
C, when it is each one, being attached, itmeasured XRD 
diffraction pattern. 

Way you understand from Figure 3, in case of substrate 
temperature440 deg C, spectrum which corresponds to crystal 
of BST film is acquired barely only. In case of substrate 
temperature450 deg C spectrum which corresponds to crystal 
of the BST film is largely acquired, with 460 deg C spectrum 
which correspondsto crystal of BST film is largely acquired 
furthermore. 

In order from result, to form satisfactory BST film of 
perovskite structured is thought that it is necessary to set 
substrate temperature to 440 deg C or greater. 

[0028] 

This way if substrate temperature is set to 440 deg C or 
greater, it is thought that the ferroelectric film68 which 
consists of BST film which possesses perovskite structure is 
formedis possible , but simply substrate temperature high 
should have been madereason is not. 

As mentioned earlier, when BST film is formed with high 
temperature, because bottom e!ectrode66 and barrier layer62 
do oxidation. 

Figure 4 after forming barrier layer62 and bottom electrode66 
is bottom electrode66 when itheated, and something which 
shows contact resistance between conductor plug56. 

abscissa between bottom electrode66 and conductor plug56 
shows current which flows,vertical axis has shown contact 
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fc*>\ ft]ffll$M(i 30 fttLtzo 
[0029] 

$*MSttl48l 20QT»fey. 450 deg C X'1}U®L 

*lTl*£A<,500 deg C -CJna&LfcilSlCliBi 
65-88 Qta>^^HStt*<±*L-CL*or^ 

•So 

C©ZiA*e>,5OOdegCglt0fc5BT»BSTfll«J: 
y/*S»tt**«68*»*J*Lfc»£lClS\ TSfl 
*4f 66 tmW?7<f 56 t*<»<bLrL*5fc 
ft, T«*« 66 tmitZ??? 56 t<D|HIfl!)a>$ 
$h«taJb<±»LTL*l^ fttffc«««fttt 
£fi*-*¥*ttSB£«i£-*-S;:£A<fflitl::fc 
-5<h%*.bft-S>„ 

[0030] 

lot, H4 Jb^fcft r*fc. BST HcfciJfiE^.^ 

500 deg C ^jS-h-t&i&gtf&y, 460 deg C fel 
T T* ft I £ g I :: M £ L ^ <t % * b ft 6 o 


ftfll 68 SJBfigf £££££ 440 deg 

C l«l±. 500 deg C *jSfl)tEffll=aSTS^S 
A<foy, g}£;£j£ 450 deg C-460 deg C "Cfeft 
l£M£Ll>fc#;Lbft6 0 


[0031] 

£©J:5lcLTBSTR<fcyiS<&HBS*fWS68 A* 
ff2/££ft&7!><, BST Bn^[Ba x ,Sr ( ,.x)]Ti0 3 BL 
0) Ba <7)*§fi£j£ X li, X=0~0.7 ©®EIT?®1:I6 

Ba (DmfS.it X £ 0.7 J:y*#<Lfci§£lCli» 

*yKsara)j«aA^stfty. sssts 

<*JlT*fci> BaTi0 3 UlCjfiMUcttK^fcbfr 


[0032] 

£fc. Ba (DijifiJcifc X £ 0, EP*> SrTi0 3 )lStLfc 

*6ici4. itmnm 200 gftaftKttttn 68 

8 
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resistance. 

Furthermore, heating time made 30 min. 
[0029] 

When unheated, namely heating was not done, as for contact 
resistance when withapproximately 20:oa, it heats with 450 
deg C, approximately 30:oa andsatis factory contact resistance 
are acquired, but when it heats with 500 deg C,approximately 
65 - 88:0a and contact resistance have risen. 

When from now on, ferroelectric film68 which consists of 
BST film with high temperature of 500 deg Cextent was 
formed, because bottom e!ectrode66 and conductor plug56 
oxidation itdoes, it is thought that contact resistance between 
bottom electrode66 and conductor plug56 rises, 
semiconductor device which possesses satisfactory electrical 
property is produced becomes difficult. 

[0030] 

Therefore, when it examines from Figure 4, when film 
formation doing the ferroelectric film68 which consists of 
BST film, if it is necessary to designate the substrate 
temperature as under 500 deg C and they are 460 deg C or 
less, it is thoughtthat furthermore it is desirable. 

When and, you think comprehensively from result which is 
shown in Figure 3 and result which is shown in Figure 4, 
when forming the ferroelectric film68 which consists of BST 
film, if it is necessary to set substrate temperature to range 
under 440 deg C or greater, 500 deg C and it is a substrate 
temperature450 deg C-460 deg C, it is thought that itis 
desirable. 

[0031] 

ferroelectric film68 which consists of BST film this way is 
formed, but it canset composition ratioX of Ba of BST film, 
namely [Ba<sub>X</sub>,Sr<sub> (I -X ) </sub> ] 
TiO<sub>3</sub>film, appropriatelyin range of X=0~0.7. 

When composition ratioX of Ba it enlarges than 0.7, film 
formation at, ahigher temperature becomes in addition, means 
necessary, with that the property which closely resembles to 
BaTiO<sub>3</sub>film which is a ferroelectric film 
appears. 

[0032] 

In addition, when composition ratioX of Ba 0, namely it 
makes SrTiO<sub>3</sub>film,ferroelectric film68 of 
dielectric constant200extent can be acquired. 

Next, you explain making use of Figure 5 to Figure 8 
concerning manufacturing method of the semiconductor 
device which uses formation method of ferroelectric film 

...u:„u :««.; 1 ;„j 
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£ 46 48 <ts V-X/KU 
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SE-f ft(H 5(a)#BB)„ 

[0034] 

±ffil=, CVD &C:«fciJ, ->'Ja>Kftffi«fc 


JIMttttOt 52 |Z, h7>vX$«V-X/ 
KU-Otttfcl 50b iCig-f «3>5r $h*-JU 54 

*»i*-r5(ia 5(c)#bs) 0 

Affile, cvd jilCcfey, tK'J v'Jn>|f (E] 
[0035] 

*I^cmp aicfcy, ffM&IKjgt 52 0)S®7i< 

i^m^*:?^ 56 mmzhzzttu 

6(B& 6(a)#JfB). 

^IC^EI^X/^^l^yjIH 20nm <D 

Ti si 58 mmr%> B 

500W.SfijBSS 300 deg C. 

Ai\ fdcMMPWE^ 5mTorr tt&ZttfT'£ 

•So 

[0036] 

*IC ±®l^ X/^$rai=«fcy, IIS 50nm (7) 
TiNE 60 

5kW. gjgjgjf £ 300 deg C, X/b^Xf Ar 
SO' N 2 . fiKJIE^l^ 5mTorr fc-f*^fcj&<T?# 

-So 

Ti SI 58 &tf TiN HI 60 *UJ«*/<'JT 
* 62 A^fiK^^^Z^dT-So 
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which description above isdone. 

Figure 5 to Figure 8 is step sectional view which shows 
manufacturing method of semiconductor device with the this 
embodiment. 

[0033] 

First, as shown in Figure 5 (a ), element-isolating film44 
which demarcates element region to surface on substrate42 
which is a silicon substrate with LOCOS (LOcal oxidation of 
Silicon ) method, isformed. 

Next, in element region, transistor which possesses gate 
electrode48 and source/drain diffusion layerSOa, 50b where 
sidewall insulating film46 was formed to side face is formed 
(Figure 5 (a ) reference). 

[0034] 

Next, in entire surface, interlayer insulating film52 which 
consists of silicon oxide film with the CVD method, is formed 
(Figure 5 (b ) reference). 

Next, in interlayer insulating film52, contact hole54 which 
reaches to source/drain diffusion layerSOb of transistor is 
formed (Figure 5 (c ) reference). 

Next, in entire surface, polysilicon layer (not shown ) is 
formed with CVD method. 

[0035] 

Until next, surface of interlayer insulating film52 exposes 
with CMP method, polysilicon layer is ground. 

Because of this, it means with that conductor plug56 which 
consists of the polysilicon layer inside contact hole54 is 
formed (Figure 6 (a ) reference). 

Next, in entire surface, Ti film58 of film thickness20nm is 
formed with sputtering method. 

sputter condition target Ti, incident power 500 W, substrate 
temperature 300 deg C, sputter gas candesignate pressure 
inside Ar, film forming chamber as 5 mTorr. 

[0036] 

Next, in entire surface, TiN film60 of film thickness50nm is 
formed with sputtering method. 

sputter condition target Ti, incident power 5 kW, substrate 
temperature 300 deg C, sputter gas candesignate Ar and 
N<sub>2</sub>, film formation pressure as 5 mTorr. 

In this way, it means with that barrier layer62 which consists 
of Ti film58 and TiN film60 is formed. 
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Z0>/\*'J7l 62 14, &XHTv\*M7l 62 
[0037] 

#lc, /V)7M 62 .tic, */<y*j£l=J:y. «J|[ 
500nm 0) Ru Jf 64 £ff2ri!ct'&, 

X/<V*fttttt, Riu 

lkW. 300 deg C. 

Ar. /£HE*)£ 5mTorr t1-4^tA<T»*ft(ia 

6(b)#BS)o 

^^h'JV^^-fftffilCty. Ru S 64 £ 
/^-->?"URu 1 64 «ky/a*T«P*a 66 

[0038] 

TW*« 66 ^TX^irLT. /<'J7* 62 
%X.y*y9t1>(B& 7(a)#fiS)„ 

*f=. H 7(b)IC*-T ±ffil=. mm lOOnm 
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[0039] 
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ttl=«fc«¥»tt81A<«»S;h.S^*£fc<5(ia 

8#SB)„ 

('J— *«3S)o£lc, *£ffi]|?!BI=J:&£|Mlltt ' 
Sita>**/<*>$a>y-*«3JEi::oi,*Tia 9 $ 

HI 9 14. *£ffiff»ffilc £&ift||tt&1l04r-w < 

tit«l**-W<i>*0TaiJ*« 66 ir^(RimtS 70 
<t 0 IHII c to x. h ep to ft E £ * l r & y . $ 14 1 4 
72 OTSflftS 66 ^ftfflftS 70 i 

fcfc. H 9 14, ftffiftjft 450 deg C. N 2 0 ±'7,0) 
Mk o 2 #X0S6ft£a>«i=*f*-S N 2 0 tfx 
<7)3£SCDSi]££ 90%<i:LTal§®{*SI 68 £ff2 
jaLf=»£0*v/<'>* 72 ©'J—frftSft-Ofc 

6. 


Furthermore, as for this barrier layer62, Ru layer 64 which is 
formed on barrier layer62 with postprocessing is something in 
order to prevent factthat scattering it does in device. 

[0037] 

Next, on barrier layer62, Ru layer 64 of film thickness500nm 
is formed with the sputtering method. 

sputter condition target Ru, incident power 1 kW, substrate 
temperature 300 deg C, sputter gas candesignate Ar, film 
formation pressure as 5 mTorr, (Figure 6 (b ) reference). 

Next, Ru layer 64 patterning is done with photolithography 
technology, bottom electrode66 whichconsists of Ru layer 64 
is formed. 

[0038] 

Next, barrier layer62 etching is done with bottom electrode66 
as mask, (Figure 7 (a ) reference). 

As next, shown in Figure 7 (b ), in entire surface, ferroelectric 
film68 which consistsof BST film of film thickness lOOnm is 
formed. 

It can form ferroelectric film68, with this embodiment which 
description above isdone with formation method of 
ferroelectric film. 

[0039] 

Next, counterelectrode70 of the;ph 0.5 mm, film 
thickness30nm is formed making use of metals ** mask (not 
shown ) which aperture is done to shape of counterelectrode. 

In this way, it means with that semiconductor device is 
produced with this embodiment which possesses capacitor72 
which consists of bottom electrode66, ferroelectric film68, 
counterelectrode70 (Figure 8 reference). 

(leakage current ) Next, you explain with this embodiment 
making use of Figure 9 concerning leakage current of 
capacitor of semiconductor device. 

Figure 9 is chart which shows leakage current of capacitor of 
semiconductor device with this embodiment. 

abscissa has shown bottom electrode66 of capacitor and 
applied voltage which isadded between counterelectrode70, 
vertical axis bottom electrode66 of capacitor72 and between 
counterelectrode70 has shown leakage current which flows. 

Furthermore, Figure 9, 90% doing flow of substrate 
temperature450 deg C, N<sub>2</sub>Ogas, and theratio of 
flow of N<sub>2</sub>Ogas for sum total of flow of the 
0<sub>2</sub>gas is leakage current of capacitor72 when it 
formed ferroelectric film68. 
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[0040] 

As understood from Figure 9, as for leakage current of 
capacitor72 in the applied voltage IV with approximately 5 
X 10<sup>-7</sup>A/cm<sup>2</sup>extent, satisfactory 
result is acquired. 

In addition, when dielectric constant of ferroelectric film68 of 
this semiconductor device was measured, 146 quite high value 
acquired. 

(coverage of ferroelectric film ) Next, you explain with this 
embodiment making use of Figure 10 concerning coverage of 
ferroelectric film68 of semiconductor device. 

Figure 10, flow of N<sub>2</sub>Ogas and ratio of flow of 
N<sub>2</sub>Ogas for sum total of flow of 
0<sub>2</sub>gas 70%, 80% and 90% is the chart which 
shows, coverage characteristic of ferroelectric film68 when it 
changes. 

[0041] 

In Figure 10, abscissa has shown separation distance, 
so-called pulling out width of the bottom electrode which is 
adjacent, vertical axis has shown coverage of ferroelectric 
film68. 

Furthermore, thickness of ferroelectric film68 of top of 
bottom eIectrode66 youdisplay coverage, with thickness of 
ferroelectric film68 of side face of the a, bottom electrode66 
as b, with (b/a)XI00%. 

In addition, height of bottom electrode66 made 0.8;mu m. 

In addition, when forming ferroelectric film68 which consists 
of BST film, the substrate temperature made 450 deg C. 

[0042] 

When when ratio of flow of N<sub>2</sub>Ogas for sum 
total of the flow of N<sub>2</sub>Ogas and flow of 
0<sub>2</sub>gas is 70%, separation distance of the bottom 
electrode66 which is adjacent to 0.5;mu m decreases it has 
decreased to coverage55%extent, but when ratio of flow of 
N<sub>2</sub>Ogas for sum totalof flow of 
N<sub>2</sub>Ogas and flow of 0<sub>2</sub>gas is 80% 
and 90%, separation distance of bottom electrode66 which is 
adjacent becoming narrow toapproximately 0.5;mu m, 
decrease of coverage does not occur. 

[0043] 

Therefore, from result, by fact that ratio of flow of the 
N<sub>2</sub>Ogas for sum total of flow of 
N<sub>2</sub>Ogas and flow of the 0<sub>2</sub>gas is 
set to appropriate value, coverage of ferroelectric film68 it 
isthought that it can improve. 
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By way, above-mentioned way, in order to form ferroelectric 
film68 whichconsists of satisfactory BST film with low 
temperature, flow of the N<sub>2</sub>Ogas and ratio of 
flow of N<sub>2</sub>Ogas for sum total of the flow of 
0<sub>2</sub>gas are designated as range under 75% or 
more, 97%, it isdesirable , but as understood from Figure 10, 
When flow of N<sub>2</sub>Ogas and ratio of flow of 
N<sub>2</sub>Ogas forsum total of flow of 
0<sub>2</sub>gas are designated as range under75% or 
more, 97%, it is thought that quite satisfactory coverage 
isacquired. 

[0044] 

Furthermore, furthermore, making aspect ratio of bottom 
electrode66 high up to 5, when it measured coverage of 
ferroelectric film68, with this embodiment 88% it 
couldacquire satisfactory coverage which you say. 

Namely, with this embodiment, ferroelectric film68 which 
possesses satisfactory coverage can be formed even with 
when aspect ratio of bottom electrode66 is madehigh. 

[0045] 

Therefore, according to this embodiment, and forms 
ferroelectric film which consistsof satisfactory BST film with 
low temperature to be possibie,furthermore, it can improve to 
coverage characteristic. 

This way, because ratio of flow of N<sub>2</sub>Ogas for 
sum total of flow of N<sub>2</sub>Ogas and flow of 
0<sub>2</sub>gas making use of the N<sub>2</sub>Ogas 
and 0<sub>2</sub>gas according to this embodiment, as 
oxidizing gas, is setappropriately in range under 75% or more, 
97%, bottom electrode and barrier layer form ferroelectric 
film which consists of BST film with temperature which 
extent which oxidation is not done is low to be possible, In 
addition, ferroelectric film which consists of BST film with 
thesatisfactory coverage can be formed. 

[0046] 

As for [modified working example shape ] this invention 
various deformation is possible not just theabove-mentioned 
embodiment. 

With for example above-mentioned embodiment, ferroelectric 
film configuration was donewith BST film of single layer, but 
only single layer does not become, the configuration is 
possible to do ferroelectric film with laminated film of BST 
film. 

In addition, with above-mentioned embodiment, ferroelectric 
film which consistsof BST film was used, but BST film 
furthermore, making use of the SrTiO<sub>3</sub> (ST ) 
film which does not include Ba it is good. 
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[0047] 

In addition, with above-mentioned embodiment, ferroelectric 
film configuration wasdone with BST film of single layer, but 
only single layer does not become,configuration is possible to 
do ferroelectric film with laminated film of BST film and ST 
film. 

[0048] 

[Effects of the Invention] 

Because ratio of flow of N<sub>2</sub>Ogas for sum total of 
flow of N<sub>2</sub>Ogas and flow of 0<sub>2</sub>gas 
making use of N<sub>2</sub>Ogas and 0<sub>2</sub>gas 
sort above, according to this invention, as oxidizing gas, is 
setappropriately in range under 75% or more, 97%, bottom 
electrode and barrier layer form ferroelectric film which 
consists of BST film with temperature which extent which 
oxidation is not done is low to be possible, In addition, 
ferroelectric film which consists of BST film with 
thesatis factory coverage can be formed. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a conceptual diagram which shows CVD device of 
solution evaporation type. 

[Figure 2] 

Ratio of N<sub>2</sub>Ogas in oxidizing gas it is a XRD 
diffraction pattern which shows crystalline state of BST film 
when it changes. 

[Figure 3] 

substrate temperature it is a XRD diffraction pattern which 
shows crystalline state of BST film when itchanges. 

[Figure 4] 

It is a chart which shows change of contact resistance with 
heating temperature. 

[Figure 5] 

It is a step sectional view (That 1) which shows 
manufacturing method of semiconductor device with one 
embodiment of this invention. 

[Figure 6] 

It is a step sectional view (That 2) which shows 
manufacturing method of semiconductor device with one 
embodiment of this invention. 

[Figure 7] 

It is a step sectional view (That 3) which shows 
manufacturing method of semiconductor device with one 

— u~ * „r *u:„ ; f : 
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embodiment of this invention. 
[Figure 8] 

It is a step sectional view (That 4) which shows 
manufacturing method of semiconductor device with one 
embodiment of this invention. 

[Figure 9] 

It is a chart which shows leakage current of capacitor. 
[Figure 10] 

It is a chart which shows coverage characteristic of 
ferroelectric film. 

[Explanation of Symbols in Drawings] 
10 

liquid raw material supply device 
12 

starting material vessel 
14 

starting material vessel 
16 

starting material vessel 
18 

N2gas supply pipe 
19 

pipe 
20 
pipe 
21 

mixer 
22 

liquid pump 
24 

vaporizer 
26 

carrier gas supply pipe 
28 

heater 
29 
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30 
32 

Efi 

34 

36 

ARM 

38 

40 

42 

44 

46 

48 

50a 

50b 

52 

54 

56 

58 

Tifll 
60 

TiN HI 


variable valve 
30 

porous metal plate 

32 

pipe 

34 

heater 
36 

film forming chamber 
38 

oxidizing gas supply pipe 
40 

shower head 
42 

substrate 
44 

susceptor 
46 

sidewall insulating film 
48 

gate electrode 
50a 

source/drain diffusion layer 
50b 

source/drain diffusion layer 
52 

interlayer insulating film 
54 

contact hole 
56 

conductor plug 
58 

Ti film 
60 

TiN film 
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64 
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66 

68 

SKEWS 

70 

72 

Drawings 


62 

barrier layer 
64 

Rul 
66 

bottom electrode 
68 

ferroelectric film 
70 

counterelectrode 
72 

capacitor 
[Figure 1] 



9> 

*o oe i <i ^ 


K 


1 I 


1« 


[02] 


[Figure 2] 
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[Figure 9] 
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[Figure 7] 
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